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Hypokalaemia and ventricular fibrillation in acute

myocardial infarction
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SUMMARY Serum potassium concentrations obtained on admission to hospital were inversely related
to the incidence of ventricular fibrillation in. 289 women and 785 men with acute myocardial
infarction, 92 ofwhom developed ventricular fibrillation. Hypokalaemia (serm potassium concen-

tration <3 5 mmol/1) was found in 122 patients (11.4%o). The incidence of ventricular fibrillation
was significantly greater in patients with hypokalaemia compared with those classified as nor-

mokalaemic (serum poussium concentration > 3.6 mmol/1) (17*2% v 7i4%). The increased risk of
ventricular fibrillation in the hypoklaemic group was about the same for women and men. While
they were in hospital patients with hypokalaemia developed ventricular fibrillation significanty

earlier than did normokalaemic patents (median 03 hours v 7 hours). Hypokalaemia was more

common in Women (17.3%) than in men (9.2%), and 55% of the hypokalaemic patients had been
treated with diuretics before admission compared with 22% of the normokalaemic group.

Hypokalaemia on admission to hospital predicts an increased likelihood and early occurrence of
ventricular fibrillation in patients with acute myocardial infarction.

Hypokalaemia has been associated with an increased
incidence of ventricular fibrillation in patients with
acute myocardial infarction. Most studies have
included patients with mild hypokalaemia: serum
potassium concentration <3-5 mmoVl/l3 or <3*6
MnmoLl.4-6
The association of ventricular fibrillation and low

serum potassium concentration, however, has been
shown only for subgroups of patients with ventricular
fibrillation over certain periods in hospital,2-4 and for
subgroups based on serum potassium concentra-
tions.4 The allocation of patients to hypokalaemic and
normokalaemic groups has been based on potassium
values obtained around the time of the ventricular
fibrillation compared with potassium values obtained
on admission for patients without ventricular fibrilla-
tion.2.S Some studies have been too small to permit
conclusions.36 Others have reported an association
between diuretic treatment and hypokalaemia in
patients with acute myocardial infarction and ven-
tricular fibrillation, but they have not given figures
for the incidence of ventricular fibrillation in
hypokalaemic patients.I Differences between patients
for other possible determinants of ventricular fibrilla-
tion apart from serum potassium concentrations have
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not been investigated.
The objective of our study was to relate the potas-

sium concentrations in patients with acute myocardial
infarction at the time of their admission to hospital to
the incidence and prognosis of ventricular fibrillation
during their stay there.

Patients and methods

Patients with acute myocardial infarction admitted to
five of the 20 hospitals in the Norwegian multicentre
study on timolol after acute myocardial infarction7
were eligible for inclusion in the study. One thousand
and . seventy-four patients comprising both those
included in and excluded from the timolol tra7 were
studied, and the qualifying criteria for acute myocar-
dial infarction, mortality classification, and other
clinical and laboratory procedures were as previously
described.7 The patients were allocated to six groups
according to serum 4potassium concentration on
admission.

All patients had continuous electrocardiographic
monitoring for the first two days or longer if indi-
cated. The presence of ventricular fibrillation was
determined either by observation of it on an oscillo-
scope or by an automatically recorded rhythm strips,
or both. All patients with ventricular fibrillation had
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clinical signs, and resuscitation with a thump on the
chest and/or direct current conversion and/or external
cardiac massage and artificial respiration or combina-
tions of these had to be carried out on all patients.
Four patients were found dead in bed during their
stay in hospital (one hypokalaemic and three nor-
mokalaemic patients) and they were not included in
the group of patients with ventricular fibrillation.
Only the first episode of ventricular fibrillation in

each patient was considered. Both primary and sec-
ondary (complicating) ventricular fibrillation8 were
accepted but not ventricular fibrillation resulting from
terminal arrhythmias produced by drugs during
resuscitation. Twelve patients had ventricular fibrilla-
tion on admission, and all had received external car-
diac massage and artificial ventilation for one half to
20 minutes before admission. Drugs or direct current
conversion were not used during resuscitation before
admission to hospital.

Blood samples for estimation of serum potassium
concentration were taken on admission, centrifuged
immediately, and analysed by flame photometry.
Only the initial value was used in the study. Serum
potassium and arterial acid-base analyses were per-
formed simultaneously for 12 patients who had ven-
tricular fibrillation on admission and in whom blood
for serum potassium analysis was drawn after the
onset of ventricular fibrillation. None of these were
given diuretics between the onset of ventricular fibril-
lation and taking the blood sample.

Prophylactic antiarrhythmic treatment was not
used. No patients were given intravenous potassium.
A chest radiograph in the standing position was
taken routinely at the end of the first week in hospital.
Hypokalaemia was defined as a serum potassium

concentration s3.5 mmol/l and hyperkalaemia as
serum potassium >5*2 mmol/l. The figure shows
further divisions into subgroups. For statistical
analysis the hyperkalaemic patients were included in
the normokalemic group.

STATISTICAL ANALYSIS
Statistical calculations were two sided, and p values
below 005 were considered significant. The grouping
of the potassium values into six groups permitted this
variable to be considered as an ordered category vari-
able. Potassium values in the presence or absence of
ventricular fibrillation, with different drug treat-
ments, and in other events were compared using a
general linear model for a weighted sum of the fre-
quencies of the various response categories (potassium
groups).'0 Groups with low potassium concentrations
were compared with groups with medium or high
potassium values using a contrast statement appropri-
ate for the above model.

Other contingency tables were analysed using
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Fisher's exact test or an exact rank sum test for a 2xN
contingency table, as appropriate. Continuous
variables-for example, blood pressure and age-
were analysed using an analysis of variance of the
overall relative ranks of the observations.

Results

Ventricular fibrillation occurred in 92 of the 1074
patients with acute myocardial infarction. The inci-
dence of ventricular fibrillation was significantly
higher in hypokalaemic (17-2%h) compared with nor-
mokalaemic (7.5%) patients (p<0.01) (Fig). The low-
est incidence of ventricular fibrillation (5.9%) was in
the groups with serum potassium concentrations of
4*1-5*1 mmol/l. Below this there was an inverse rela-
tion between potassium concentration and frequency
of ventricular fibrillation, and at potassium values of
,3-0 mmol/l 33% of the hypokalaemic patients
developed ventricular fibrillation.
The incidence of ventricular fibrillation in the

hypokalaemic group and the normokalaemic group
was about the same for women and men. Nine of the
50 women in the hypokalaemic group (18%)
developed ventricular fibrillation compared with 15 of
239 (6.3%) in the normokalaemic group, a significant
difference (p<0 05). Similarly, 12 of the 72 men with
hypokalaemia (1677%) developed ventricular fibrilla-
tion compared with 56 of 713 (7.9%) men with nor-
mokalaemia (p<0.05). Hypokalaemia was, however,
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Table 1 Number and percentage ofhypokalaemic and
normokaliaemc patients with acute myocardial infarction

Group Total No No (%/) ofpatiens No (%) ofpaies
of patients with semum with serum

potassium potassium
:3-5 mmolll -336 mmolIl

All patients 1074 122 (11.4) 952 (88.6)
Women 289 50 (17.3)* 239 (82 7)
Men 785 72 (9.2) 713 (90.8)

*p<O0O1.

more common in women than in men (Table 1).
The mean age for women with ventricular fibrilla-

tion was 63-5 years (61-9 and 64-5 for those with low
and normal potassium values respectively) and the
mean age of men with ventricular fibrillation was 63-9
years (65 4 and 63-5 respectively). For all 1074
patients women were significantly older than men,
with a mean age of 64-8 compared with 62-0 years

(p<0-01). Table 2 compares the hypokalaemic and
normokalaemic patients with ventricular fibrillation
for clinical and x ray film characteristics. There were

no significant differences between the groups apart
from clinical and radiological signs of lung conges-
tion, which were more common among nor-

mokalaemic patients. Similar percentages of patients
in each potassium group were either too ill or dead
before a chest x ray film in the standing position could
be taken.

Frusemide was the drug of choice in all five hospi-
tals for treating initial heart failure: mean daily dosage
during the first week was 52-9 mg in the hypokalaemic
and 83-2 mg in the normokalaemic group. There were

no significant differences between low and normal
potassium groups for mean peak concentration of
serum aspartate aminotransferase and systolic and
diastolic blood pressures on admission.

Patients with hypokalaemia developed ventricular
fibrillation earlier than normokalaemic patients; 16 of
21 hypokalaemic patients (76%) developed ventricular
fibrillation within two hours of admission compared
with 28 of 71 normokalaemic patients (39%). Between
two and 12 hours after admission three of 21 (14%)
hypokalaemic patients and 13 of 71 (18%) normo-

kalaemic patients developed ventricular fibrillation,
and more than 12 hours after admission the corres-

ponding figures were two of 21 (10%) and 30 of 71
(42/o) patients. The median time from admission to
the occurrence of ventricular fibrillation in the low
and normal potassium groups was 03 hours and 7
hours respectively (p<001). The mean time from the
onset of acute myocardial infarction to admission was
3 hours and 3.8 hours in the hypokalaemic and
normokalaemic groups, with a median time of 1 hour
for both groups.

Table 3 shows mortality during the first three
months after the infarction for patients with ventricu-
lar fibrillation. Thirty-three per cent in the
hypokalaemic group and 44% in the normokalaemic
group died. Women had a higher mortality than men,
but the difference was not significant. Total cardiac
death within 48 hours of admission for patients with
ventricular fibrillation was 5% and 11% in the
hypokalaemic and normokalaemic groups respectively
and sudden cardiac death within 48 hours of admis-
sion was 0 v 10%/o respectively (NS).

Table 2 Characteristics of 92 patients with ventricularfibrillation according to serum potassium concentration

Characteristics % patients with % patients with p
serum potassium serum potassium
-3.5 mmolIl -3-6 mmolll
(n = 21) (n = 71)

Clinical history
Previous infarction 19 32
Angina 43 45
Treatment for hypertension other than by diuretics 14 11

Treatment before admission
Diuretics 38 24
Digitalis 10 23
Antiarrhythmics 0 6
Beta blockers 19 20

Site of infarct
Anterior 57 48
Inferior 38 42
Other or uncertain 5 10

Pathological Q wave in electrocardiogram 86 68
Treatment with frusemide during first week after

admission 48 68
X ray film and clinical findings

Enlarged heart (x ray film) 29 32
Lung congestion (x ray film) 5 21 <0-05
X ray not done 19 24
Pulmonary rales on admission 0 35 <0-01
Systolic blood pressure - 100 mm Hg 43 48

Mean age (years) (range) 63-7 (44-75) 63-5 (47-75)
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Table 3 Number of deaths within three months among patients with ventricularfibrillation

No of patients with senrn potassium No ofpatients with serum potassium
< 3-5 mmolll > 3-6 mmolll

Total Men Women Total Men Women

All patients with ventricular fibrillation 21 12 9 71 56 15
No of deaths (%) 7 (33) 3 4 31 (44) 23 8

Table 4 Percentage ofpatients receizing drug treatment
before admission

Treatnent before % patients with % patents with p
admission serum potassiwn serum potassium

!3*5 mmoll ¢3-6 mmol/l
(n = 122) (n = 952)

Diuretics 55 22 <0.01
Digitalis 9 19 <0-01

In the 1074 patients hypokalaemia was related to

diuretic treatment before admission; digitalis treat-

ment was more common in the normokalaemic group

(Table 4). Mean serum potassium concentration for
the 982 patients who did not develop ventricular
fibrillation was 4 1 mmol/l and 3-9 mmol/l for the 92
patients who did develop ventricular fibrillation
(p<005).

Twelve patients (four hypokalaemic and eight nor-

mokalaemic) had ventricular fibrillation on admission
but survived long enough to fulfill diagnostic criteria
for inclusion in the study. The mean plasma pH for
these patients was 7-37 (range 7.28-7-44). The mean

standard bicarbonate concentration was 25-5 mmoIIl

(range 18-30 mmolI1). None of these patients became
alkalotic after sodium bicarbonate infusion during
resuscitation before blood was drawn for serum potas-
sium estimation. The potassium values obtained were
therefore accepted as indicative of the concentration
before the onset of ventricular fibrillation. There was,
however, a significant difference in the incidence of
ventricular fibrillation between the hypokalaemic and
normokalaemic groups even if these 12 patients are
excluded (14% v 7%; p<0.02).

Discussion

This study shows a substantial significantly greater
incidence of ventricular fibrillation in patients with
acute myocardial infarction who were hypokalaemic
on admission to hospital. This could not be explained
by a greater number of patients with large infarcts and
a bad prognosis in the hypokalaemia group. Digitalis
is arrhythmogenic in hypokalaemic patients with
chronic heart failure,"I but no association between
digitalis treatment, hypokalaemia, and ventricular
fibrillation was found (Table 2 and 4).

In the 1074 patients hypokalaemia was related to
diuretic treatment (Table 4), the relation being less
obvious in patients with ventricular fibrillation
(Table 2), of whom 62/o of those with hypokalaemia
were not taking diuretics. This hypokalaemia did not
result from treatment with insulin, steroids, or anti-
biotics and could not be explained by other diseases
associated with hypokalaemia.9

Hypokalaemia has been reported to be more com-
mon in women than in men.69 The incidence of
hypokalaemia in all our patients was 17% for women
and 90/o for men (Table 1), and for those with ven-
tricular fibrillation 9 of 24 women (38%) and 12 of 68
men (18%) were hypokalaemic. Thus overall the
incidence of hypokalaemia was significantly higher in
women than in men for both groups of patients.
Among the 1074 patients women were significantly
older than men, but hypokalaemia was not related to
age in this population of patients below 76 years.

Raised concentrations of catecholamines have been
suggested as a possible cause of transient initial
hypokalaemia in patients with acute myocardial
infarction,12 but it remains to be shown if this can
explain the preponderance of women with low serum
potassium values.

There was an early occurrence of ventricular fib-
rillation in the low serum potassium group. This
finding and the absence of lung congestion on the
initial clinical examination may indicate that there
were more patients with primary ventricular fibril-
lation in the hypokalaemic group, as primary
ventricular fibrillation occurs earlier during the acute
infarction than secondary (complicating) ventricular
fibrillation.8
The frequency of treatment with frusemide for

heart failure (Table 2) was not significantly different
between the groups during the first week. By the end
of the first week there was less lung congestion in the
hypokalaemic group as shown on the chest x ray film,
and thus the degree of heart failure seems to have
been less severe in the hypokalaemic group.

Subgrouping of hypokalaemic and normokalaemic
patients with ventricular fibrillation according to the
early occurrence of ventricular fibrillation after
admission24 may not give a correct comparison of the
true incidence of ventricular fibrillation in the two
groups. Such subgrouping brings in time as a variable
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between the two groups and favours the incidence of
ventricular fibrillation in the hypokalaemia group, as
ventricular fibrillation tended to occur later in the
normokalaemic group.

Only initial potassium values were used in this
study so that patients could be divided into groups
according to potassium values estimated at a similar
time-that is, the start of hospital treatment of the
infarction, which in this study was also comparable in
the number of hours from the onset of the acute
myocardial infarction. Some reports25 have divided
patients into groups according to potassium concen-
trations obtained around the time of the ventricular
fibrillation and potassium concentrations obtained on
admission for patients without ventricular fibrillation.
This is likely to give a falsely high incidence of ven-
tricular fibrillation in the hypokalaemic group as a fall
in serum potassium resulting from diuretic treatment
after admission will be observed only in patients with
ventricular fibrillation. It is also likely to accumulate
patients in need of diuretic treatment with bad left
ventricular function, and therefore a high risk of
arrhythmias, into the hypokalaemic group.
We conclude that hypokalaemia on admission to

hospital predicts an increased incidence and early
occurrence of ventricular fibrillation in patients with
acute myocardial infarction. A causative role of
hypokalaemia is more difficult to establish, however,
without showing a decrease in ventricular fibrillation
resulting from potassium correction.
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